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These considerations can be greatly extended by considering the interference of the wave scattered by-the nucleu's with the wave scattered by all of the electrons in the atom as erst introduced by Bloch' in connection with the magnetic scattering of neutrons. In this case the scattered amplitude consists of the sum of terms due to the nucleus and to the electron The effect here described is not a spin-spin interaction since the total electronic spin of the atom is zero and the effect is thus different from the paramagnetic and ferromagnetic scattering of neutrons.
To study this effect we have measured the total cross section of solid and molten lead as a function of the wave-length of the incident neutrons using the neutron spectrometer. 4 Lead was chosen because of its large value of Z(Z = 82) and its small absorption for slow neutrons (o =0.1X
in units of 10 " cm'/atom where X is given in angstrom units). The change of the atomic form factor f for the electrons as X changes from 0.2A to 1.7A, is used for the observation of the effect.
The nuclear form factor remains constant and equal to unity since the nuclear scattering is isotropic. The atomic form factor is given suf6-ciently well for this purpose by the FermiThomas atom model. The experimental points are given in Figs. 1 and 2. Figure 1 is for the solid and shows the characteristic increase in transparency with X as is expected for crystalline materials. Figure 2 shows the results for liquid leacl at about 350'C and 500'C. A disk of lead metal was used for the solid sample. A sample holder, in which the lead could be poured in and out of the sample position without altering the position of the container in the beam, was used for the liquid sample. The thicknesses (g/cm') of the liquid samples were ' Rainwater, Havens, %'u, and Dunning, Phys. Rev. 71, 6S t, '1947 From this theory the contribution to 0 0. duc to the liquid molecular structure is (X'/X02)60(XO), when ) 0 is taken at some point where the liquid form factor deviates imperceptibly from the atomic form factor. X-ray results indicate that this is true for most monatomic liquids at X 1.6A. Since the nuclear scattering is isotropic, the nuclear form factor is always unity, therefore the cross section would be constant with .respect to X ln thc energy 1cg1on lnvcstlgatcd except for a small correction for the temperature agitation. This correction is under I percent in the region in which we are interested from 0.2A to j..7A and is parabolic in form, therefore this correction carl be lumped with the parabolic correction for the liquid-diRraction eA'cct.
In our analysis we have assumed that all of the isotopes of lead scatter with the same phase and approximately the same amplitude, because the capture cross section is small and the scattering cross section is very nearly 4~A'. 6 However, the recent results of Fermi and Marshall' suggest that one isotope has opposite phase and therefore the eRective scattering length of lead of normal isotopic composition is about -, of the expected value. This would reduce the sensitivity of our measurement of the electron-interaction amplitude by a factor of two.
To obtal'n the true variation of the total atomic scattering (nuclear+electron), we In addition it should be noted that we assume the incoherent scattering to be constant and small over the region because of the great mass of the lead atom and because the temperature of the lead is from 7 to 9 times the characteristic temperature 0 which is 88'K for solid lead; furthermore, the two curves agree closely although one is close to the melting point and the other is about 150'C higher, indicating no great effect because of liquid aggregation. We also neglect spin-orbit interaction which gives an effect which is orders of magnitude less than observable in our experiment.
The net result is given in Fig. 3 . The 1/v capture line and the parabolic correction are indicated in Fig. 2 . The values of the ordinates of the points in Fig. 3 correspond to the distance of the points from the correction curve in Fig. 2 
K is the interaction function which we take as 4/3+a'V where a is the' electron radius e'/mc, M is the mass of the neutron, and f(4n/X) is the integrated atomic form factor for the given wave-length which can be evaluated from the 
